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Abstract
The recently observed mass ∼ 125 GeV for the Higgs boson suggests a high-
energy scale SUSY breaking, above O(10) TeV. It is, however, very puzzling why
nature chooses such a high energy scale for the SUSY breaking, if the SUSY is
a solution to the hierarchy problem. We show that the pure gravity mediation
provides us with a possible solution to this puzzle if the topological inflation is the
last inflation in the early universe. We briefly discuss a chaotic inflation model in
which a similar solution can be obtained.
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1 Introduction
The ATLAS and CMS collaborations recently discovered a standard-model like Higgs
boson of mass about 125 GeV [1]. This observed Higgs mass, together with non-discovery
of superpartners at LHC, suggests that the supersymmetry (SUSY) breaking scale is much
higher than we expected, say above O(10) TeV [2]. However, if the SUSY is a solution
to the hierarchy problem and hence its breaking is biased toward low energy scales, a
crucial question naturally arises ; why does nature choose such a high energy scale for
the SUSY breaking [3]? We show, in this letter, that the pure gravity mediation model
recently proposed to explain the 125 GeV Higgs mass [4] (for a similar model, see also [5])
provides us with a possible explanation for the high scale SUSY breaking if the topological
inflation is the last inflation in the early universe.
It is believed that our universe experienced the quasi-exponential expansion called
inflation [6] at its very early stage. Inflation makes our universe homogeneous and flat,
which solves conceptual problems of big-bang cosmology, and also dilutes harmful relics
like monopoles. Furthermore, quantum fluctuations of the inflaton (= a scalar field that
drives inflation) become classical by the cosmic expansion during inflation and result in
density perturbations of the universe [7]. Inflation predicts nearly scale-invariant, adi-
abatic and gaussian density perturbations, which are consistent with the recent obser-
vations of the cosmic microwave radiation (CMB) [8]. Thus, the inflationary universe
successfully describes our universe.
However, most inflation models have so called initial value problem [9], that is, they
require tuning for the initial conditions of the inflaton and other relevant fields. Among
many models, chaotic inflation [10] and topological inflation [11] are free from the initial
value problem. It is well known that chaotic inflation occurs naturally from large field
fluctuations at the Planck time. In topological inflation models, some discrete symmetry
is spontaneously broken and topological defects (domain walls) are formed in the early
universe. If the scalar field forming the defects has the vacuum expectation value larger
than the Planck scale (Mpl ' 2.4×1018 GeV), the region inside the domain wall undergoes
inflation. Since the defect formation is inevitable, inflation takes place naturally as long
as the universe lives until the start of inflation. The longevity of the universe is not a
problem in the open universe. Furthermore, open universes are likely created through
tunneling in quantum cosmology [12].
We show, in this letter, that there is an upper bound of the reheating temperature,
TR
<∼ 1010 GeV, if the topological inflation takes place in the early universe. In the pure
gravity mediation model, the wino is the LSP and it is the unique candidate of dark
1
matter (DM) in the universe. The number density of the wino is almost proportional to
the reheating temperature TR as long as its mass is lower than 1 TeV [4]. We thus obtain
a lower bound of the wino mass to explain the observed DM density as mwino
>∼ 200 GeV.
The lower bound of the wino mass is translated to the lower bound on the gravitino mass,
m3/2
>∼O(10) TeV in the pure gravity mediation model, implying scalar masses >∼O(10)
TeV. Thus, there is a cosmological reason why the SUSY breaking scale is higher than
O(10) TeV in the pure gravity mediation model if the topological inflation is the last
inflation in our universe. We briefly note, in the last section, that a similar conclusion
can be obtained in a chaotic inflation model.
2 Topological Inflation Model
It was pointed out long time ago [13, 14] that the topological inflation takes place for the
following simple super potential and Ka¨hler potential with U(1)R × Z2 symmetry in the
supergravity:
W = v2X(1−
∑
n
g2n
(2n)!
φ2n) (1)
K = |X|2 + |φ|2 + k1|X|2|φ|2 + k2
4
|X|4, (2)
where g2n (n = 1, 2, ..), k1 and k2 are coupling constant. We take a unit of the Planck
scale Mpl = 1, here and hereafter. We have assumed that the expansions of super and
Ka¨hler potentials in the fields, X and φ, are well defined as long as the absolute values
of the fields are within the Planck scale.
Thus, it is reasonable to consider all constants g2n, k1 and k2 are at most O(1). For
our analysis we neglect the higher order terms with n ≥ 2 in the super potential, for
simplicity. This may be valid as long as the expansion in φ converges sufficiently fast.
In the followings, we assume this property about the expansion in the inflaton φ. We
have neglected possible higher order terms already in the Ka¨hler potential in Eq. (2).
We assume this model throughout this letter and consider that the main conclusion of
this letter does not change even if we adopt another model for the topological inflation.
g ≡ g2 is chosen to be real and positive by a phase rotation of φ.
X and φ have U(1)R charges 2 and 0, respectively. We also assume that X is even
and φ is odd under the Z2, which is essential for the topological inflation to take place.
The potential has a vacuum (see Eq. (1) with n = 1),
〈X〉 = 0, 〈φ〉 =
√
2
g
. (3)
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As shown in Ref. [14], the topological inflation takes place if 〈φ〉>∼ 1/
√
2 (g . 4). Since
〈φ〉<∼O(1) for g = O(1), it is consistent with our assumption of neglecting higher order
terms in the super and the Ka¨hler potential.
The scalar potential derived from Eqs. (1) with (n = 1) and (2) is, for |X| and |φ|  1,
V = v4|1− g
2
φ2|2 [1 + (1− k1)|φ|2 − k2|X|2)] . (4)
The X field quickly settles down to the origin if k2 . −1, so hereafter we take X = 0.
We can identify the inflaton field as the real part of φ. Using ϕ =
√
2Re(φ), the potential
is rewritten for ϕ 1 as
V ' v4 − 1
2
(g + k1 − 1)v4ϕ2 ≡ v4 − 1
2
κv4ϕ2 (5)
From this potential we obtain the e-folds N as
N =
∫ ϕf
ϕN
dϕ
V
V ′
' 1
κ
ln
(
ϕf
ϕN
)
, (6)
where ϕf is the field value of ϕ at the end of inflation. The slow roll parameters are given
by
 =
1
2
V ′2
V 2
=
1
2
κ2ϕ2  η (7)
η =
V ′′
V
= −κ (8)
For the inflation to produce the observed curvature perturbation, the inflaton potential
satisfies V 3/2(ϕN)/V
′(ϕN) ' 5× 10−4 for N = 50− 60, which leads to
v ' 0.023√κe−κN/2 ' 10−3 (9)
for κ = 0.01, where we have used ϕf ' 1. The inflaton mass is mφ ' v2
√
2g ' 1013 GeV
for g ' 1.
The spectral index ns and tensor to scalar ratio r are given by
ns = 1− 6+ 2η = 1− 2κ, (10)
r = 16 = 8κ2e−2κN . (11)
Thus, r is written as a function of Ns,
r = 2(1− ns)2 exp[−(1− ns)N ] (12)
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Figure 1: Prediction by the topological inflation in the r-ns plane. We also show the
constraint from WMAP [8].
The prediction of the topological inflation is shown in Fig. 1 together with WMAP 7year
constraint [8]. For the spectral index ns ' 0.94− 0.98 which is consistent with WMAP 7
year data, r ' (3 − 4) × 10−4. Therefore, the tensor mode that the topological inflation
produces will be not detected even in the future satellite experiments such as CMBPol [15]
and LiteBIRD [16].
We find that the value of the coupling constant g is further restricted. If g is too small,
the vacuum 〈φ〉 = √2/g is far above one. On the other hands, a factor of exp(|φ|2) in the
inflaton potential lifts up the potential above φ ' 1. Therefore, the potential becomes a
old-inflation type and the topological inflation fails. Now let us estimate the lower bound
for g. The potential of the inflaton field is, for X = 0,
V = v4exp(
ϕ2
2
)(1 +
k1
2
ϕ2)−1(1− g
4
ϕ2)2
' v4exp(ϕ
2
2
)(1 +
1− g
2
ϕ2)−1(1− g
4
ϕ2)2 (13)
In the second line we have imposed k1 + g ' 1 which is required by the observation of
the spectral index. The potential becomes a old-inflation type if there exists a point such
that ∂V/∂ϕ = 0 for 0 < ϕ < 2/
√
g. By a simple algebraic calculation, we find that the
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condition #1
g > 2−
√
2 ' 0.59 (14)
is required. On the other hand, if g is too large, k1 ' 1 − g is negatively large. From
Eq. (13), one can see that the inflaton potential becomes singular before ϕ reaches the
vacuum. In order to avoid such behavior, the condition
g < 2 (15)
is required. Eqs. (14) and (15) are consistent with our assumption that g is of order one.
Now, let us estimate the reheating temperature after the inflation. There are four
types of R and Z2 invariant interactions which contribute dominantly to the inflaton
decay. One originates from the Ka¨hler potential of the form
K =
∑
n+m=2
c′′′nm
n!m!
φnφ∗m|Ψ|2, (16)
where Ψ is any field which is lighter than the half of the inflaton mass and c′′′nm is a coupling
constant of order one. However, with this type of interactions, the matrix element of the
inflaton decay is proportional to square of the mass of Ψ for any n and m. Since the mass
of Ψ should be smaller than the half of the inflaton mass, decay width is suppressed in
comparison with the mode described below at least by the factor of 16. Therefore, we
ignore the contribution from this type of interactions.
The other dominant interaction originates from the Ka¨hler potential of the form
K = c′′φφ∗HuHd (17)
where Hu and Hd are the up and down type Higgs field and c
′′ is the coupling constant
of order one. This term is allowed since HuHd has a vanishing U(1)R charge in the pure
gravity mediation model in order to achieve an appropriate value for the Bµ and µ term
[4]. This Ka¨hler potential leads to the inflaton interaction with the Higgs scalar as
Lint = c′′φ∂µ(HuHd)∂µφ∗ + h.c. (18)
The decay rate of the inflaton to Higgs bosons is given by
Γφ→HuHd =
|c′′|2
8pi
〈φ〉2m3φ, (19)
#1Higher order terms in Ka¨hler and super potentials may relax the constraints (14) and (15).
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where we have used the inflaton mass mφ = v
2
√
2g. The decay rate into Higgsinos is the
same as this value.
There also exist interactions originate from the super potential. The small value of the
v2 required for the topological inflation in Eq. (9) is considered as a result of some new
symmetry breaking, otherwise it should be O(1). For instance, consider a parity under
which both of X and v2 transform as odd, then v2X is a completely neutral under all
symmetries except for U(1)R (the R charge of X is two). The small value of v is regarded
as a small breaking of the parity. Thus, a term
W = c′v2XHuHd (20)
is allowed in the super potential. This super potential leads to the inflaton interaction
with the Higgs bosons as
Lint = g
2
v4φ∗2c′HuHd + h.c. (21)
The decay rate due to this operator is given by
Γφ→HuHd =
|c′|2
8pi
g2
v8
mφ
〈φ〉2
=
|c′|2
32pi
m3φ 〈φ〉2 . (22)
The last dominant interactions originate from the gauge kinetic functions:
f =
δab
4
(1 +
c
2
φ2)W aαW
b
α, (23)
where a, b, · · · are the indices for gauge group and c is a coupling constant of order one.
This kinetic function leads to inflaton interactions with the gauge fields in the standard
model as
Lint = −1
4
Re(
c
2
φ2)F aµνF
aµν +
1
8
Im(
c
2
φ2)µνρσF aµνF
a
ρσ, (24)
where F aµν is the field strength of the gauge boson A
a
µ, and Re and Im denote the real part
and the imaginary part, respectively. Then the decay rate of the inflaton to the gauge
fields is given by
Γφ→AaAa =
NA|c|2
128pi
〈φ〉2m3φ, (25)
NA = 1 + 3 + 8 = 12 is the number of the gauge fields. The contribution from the decay
into gauginos is exactly the same one.
Adding above contributions together, the decay rate of the inflaton is given by
Γφ =
8|c′′|2 + |c′|2 + 6|c|2
32pi
〈φ〉2m3φ, (26)
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Figure 2: Reheating temperature for N = 50(upper curve) and 60(lower curve). We take
((8|c′′|2 + |c′|2 + 6|c|2)/15) 12 g1/4 = 1.
From this decay rate we obtain the reheating temperature TR as
TR ' 0.25(8|c
′′|2 + |c′|2 + 6|c|2
15
)
1
2 g−
1
2m
3/2
φ = 0.41(
8|c′′|2 + |c′|2 + 6|c|2
15
)
1
2 g1/4v3. (27)
Using Eqs. (9) and (10), the reheating temperature is written as a function of the spectral
index ns,
TR = 4.3× 1012GeV(8|c
′′|2 + |c′|2 + 6|c|2
15
)
1
2 g1/4(1− ns)3/2 exp
[
−3
4
N(1− ns)
]
, (28)
which is shown in Fig. 2. We can see that TR ' (2 − 7) × 109 GeV in the present
model. This relatively low reheating temperature is a consequence of the Z2 and the
U(1)R symmetry, which is essential for the topological inflation. Taking into account
O(1) ambiguity in the coupling constants c’s, we safely conclude TR<∼ 1010 GeV.
3 Lower Bound on the Gravitino Mass in the Pure
Gravity Mediation Model
In the previous section, we have shown that the maximal reheating temperature is about
TR
<∼ 1010 GeV in a reasonable parameter range if the topological inflation is the last
inflation in our universe. Now we are at the point to show that there is indeed a lower
bound on the SUSY breaking energy scale, m3/2
>∼O(10) TeV.
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First of all, the wino is the LSP and the unique candidate for the DM in the pure
gravity mediation model [4]. The wino has a large annihilation cross section and hence
the thermal wino can not provide a sufficient density for the observed DM as long as the
mass of the wino mwino
<∼ 1 TeV. Thus, we must invoke a non thermal wino production in
the early universe. The most promising process is the gravitino decay, since the gravitino
is much heavier than the wino in the pure gravity mediation model.
Let us discuss the gravitino production in the high-energy thermal particle scattering
in the early universe. Since the production of the gravitino occurs by Planck suppressed
interactions, the production is more effective for higher temperatures. Therefore, the
abundance of the gravitino is determined by the reheating temperature and given by [17]
Y3/2 ≡
n3/2
s
' 2.3× 10−12 × TR
1010 GeV
. (29)
Here, n3/2 is the number density of the gravitino and s is the entropy density of the
universe.
The abundance of the wino from the decay of the gravitino is the same as Eq. (29),
nwino = n3/2. After all, the energy fraction of the wino dark matter in the present universe
Ωwino,0 is given by
#2
Ωwino,0 ' mwinoY3/2s0
ρcr,0
' 0.12h−2 mwino
200 GeV
TR
1010 GeV
, (30)
where s0 ' 2.2×10−11 eV3 is the entropy density of the present universe, ρcr,0 ' 8.1h−2×
10−11 eV4 is the critical density of the present universe and h is the scale factor for Hubble
constant defined by H0 = 100h km sec
−1 Mpc−1.
The anthropic bound of the dark matter density is known as ΩDMh
2>∼ 0.1 [18]. And
as we have seen in the previous section, the reheating temperature TR is bounded from
above as TR
<∼ 1010 GeV if the topological inflation is the last inflation in the early universe.
Therefore, we obtain the lower bound on the wino mass as
mwino>∼ 200 GeV. (31)
In the pure gravity mediation model, the wino mass is determined by the contribution
from the anomaly mediation and the threshold correction by the Higgsino loop. Both
contributions are of the same order and the wino mass has the upper bound as [4]
mwino<∼ 10
−2m3/2. (32)
#2For mwino
>∼ 1 TeV, the contribution from the thermally produced wino is not negligible. However,
we can safely neglect this contribution in order to discuss the lower bound on the wino mass.
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Therefore, we obtain the lower bound for the SUSY breaking scale mSUSY;
mSUSY ' m3/2 > O(10) TeV. (33)
4 Conclusions and Discussion
We have discussed the topological inflation in the previous section. However, as pointed
out in the introduction, the chaotic inflation [10] is also interesting since there is no initial
value problem. The chaotic inflation is easily constructed by using a shift symmetry in
supergravity [19]. The Ka¨hler potential is a function of φ+ φ† and the super potential is
given by
W = mXφ, (34)
where φ is the inflaton. The inflaton φ can have an interaction in the Ka¨hler potential,
K = d(φ+ φ†)HuHd, (35)
where d is a coupling constant of O(1). It is easy to see that the upper bound of the
reheating temperature TR
<∼ 1010 GeV can be obtained for d<∼O(1).
In this letter, we consider relatively high energy scales for the SUSY breaking. How-
ever, there is a very natural parameter region where the observed DM density is explained
by a mixed wino-bino thermal relic DM of massO(1) GeV and sfermion masses areO(100)
GeV, even in the pure gravity mediation model [20]. However, this parameter region is
excluded by too much non thermal DM production due to the overproduction of the
gravitino in the inflaton decay [21].
We have assumed the R parity conservation throughout this letter. However, if the R
parity is broken, the present argument is not applicable. The model which connects the
SUSY breaking and the Peccei-Quinn symmetry breaking dynamics [20] may be interest-
ing to understand the high scale SUSY breaking, if it is the case.
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